In the process of weaning from mechanical ventilation, tolerance to the preextubation attempts of spontaneous breathing does not completely ensure a favorable outcome. In such conditions, it was possible to predict the result of extubation by the drop of central venous oxygen saturation (ScvO 2 ) readings. Therefore, the evaluation of ScvO 2 during spontaneous breathing trials may be considered as a novel predictor for weaning success.
Background
In the process of weaning from mechanical ventilation, tolerance to the preextubation attempts of spontaneous breathing does not completely ensure a favorable outcome. In such conditions, it was possible to predict the result of extubation by the drop of central venous oxygen saturation (ScvO 2 ) readings. Therefore, the evaluation of ScvO 2 during spontaneous breathing trials may be considered as a novel predictor for weaning success.
Patients and methods
This was a prospective cohort clinical research that involved 50 patients admitted to the respiratory ICU of Abbassia Chest Hospital. Those patients were subjected to intubation and mechanical ventilation for the period of 2 successive days or more and followed up for signs of postextubation respiratory failure for 48 h. All patients were evaluated daily for fulfilling of the weaning criteria and were weaned in a twostep protocol: a spontaneous breathing trial for 30 min followed by extubation. Central blood gasses were evaluated in the beginning (first min) and at the end (30th min) of the trial. Hemodynamic and ventilatory parameters were also assessed.
Results
Thirty-nine (78%) patients had a successful extubation, while 11 (22%) patients failed the extubation process. Logistic regression analysis identified the change in ScvO 2 as the only parameter with the ability to distinguish between both probable results of extubation. A reduction of more than 3.8% from the baseline value of ScvO 2 was able to independently predict extubation failure with a sensitivity of 89.74%, a specificity of 90.91, and an odds ratio of 1.48 (95% confidence interval: 1.06-2.07). Conclusion ScvO 2 is able to successfully and independently predict extubation failure (EF). Adding to that, being a rapid and accurate method with high sensitivity and specificity, it will help in early diagnosing of the extubation failure cases and their proper management.
Introduction
The first question that comes to mind after putting a patient on a ventilator is when will he be ready for weaning and how to perceive this. The procedure of weaning involves gradual alleviation of the patients' dependency on the machine until full discontinuation of mechanical ventilation and disposal of the endotracheal tube. Hence, it practically begins immediately after subjecting the patient to the ventilator and may constitute up to 40% of the whole period of mechanical ventilation [1] .
Various factors are involved in the determination of whether the patient is ready to be weaned from the ventilator and also in the prediction of weaning success. These factors include patient amelioration from his acute condition, proper oxygen supply and ventilatory parameters, stable vital signs, good conscious level, and appropriate readings of certain laboratory parameters [2] .
While tolerating a spontaneous breathing trial (SBT) indicates a successful weaning, it does not definitely predict extubation success. After a successful SBT, the rate of extubation failure within the following 2-3 days may reach up to 30% of patients [3] .
The main objective of this research was to evaluate the ability of central venous oxygen saturation (ScvO 2 ) to accurately predict extubation outcome and its potential role in foreseeing the result of the discontinuation of the mechanical ventilation process.
Patients and methods
This study involved 50 patients, hospitalized in the respiratory ICU in Abbasia Chest Hospital. Approval of the Committee of Medical Ethics of Ain Shams Medical School together with an informed consent by the patient or a close relative was obtained before conducting the study.
Inclusion criteria comprised adult patients who were subjected to intubation and mechanical ventilation for 2 days or more, while exclusion criteria enclosed patients with no central line, tracheostomized patients and patients who died before trial of weaning.
Enrolled patients were daily evaluated for the presence of weaning criteria [4] . Patients fulfilling these criteria were weaned using a two-stage approach (evaluation of the indicators of extubation outcome followed by SBT for 30 min).
SBT is a trial of weaning on the ventilator, using minimal levels of pressure support mode (≤7 mmHg) [5] .
Patients who successfully tolerated the trial were extubated and then observed in the next 48 h for the presence of any adverse events and respiratory failure.
Failure of extubation meant the need to reintubate the patient within 2 days of the extubation process [6] . The utilization of noninvasive mechanical ventilation was needed in some cases to improve respiratory effort and avoid postextubation respiratory distress.
Measurements of hemodynamics (blood pressure, heart rate and respiratory rate) were registered at the beginning (first min) and at the end (30th min) of the trial. Demographic data, routine lab investigations (complete blood picture, liver and kidney functions, albumin, total protein and basic electrolytes) and chest radiograph were collected at admission. Vital signs, mechanical ventilation days and days in respiratory ICU were registered as well.
Sampling of ScvO 2 was carried out using a catheter in the internal jugular vein with previous confirmation of the proper site by plain radiograph and was immediately analyzed using a blood gas analyzer (Siemens RAPIDLab 348 analyzers; Siemens Healthcare Diagnostics Inc., Siemens AG Healthcare Sector Henkestrasse 127 91052 Erlangen, Germany).
Statistical analysis
To perform different analyses within the study, we used version 22.0 of the statistical package for the social sciences (SPSS) for Windows (SPSS Inc., Chicago, Illinois, USA). Descriptive data are demonstrated as percentages or mean±SD. χ 2 and Fisher's exact tests were utilized for the analysis of categorical variables, as appropriate [7] . Mean differences between the investigated variables were assessed by independent t-test or Mann-Whitney U-test according to the normality of the data [8] . Logistic regression was the tool utilized in evaluating all potential indicators that discriminate extubation failure for mechanically ventilated patients. Generation of receiver operating characteristic curves and calculation of area under the curve (AUC) were carried out to evaluate the probable predictive value of each ΔScvO 2 in differentiating extubation failure for mechanically ventilated patients. For all tests, any probability value (<0.05) was described as statistically significant.
Results
Our research population constituted of a total of 50 cases who fulfilled the inclusion and exclusion criteria. Their mean age was 64.7±8.65, and 37 (74%) patients were male individuals. The main diagnosis of ICU entry was chronic obstructive pulmonary disease (COPD) (92%), interstitial lung disease (6%) and acute respiratory failure (2%). Overall, 39 (78%) patients were successfully extubated, while the remaining 11 (22%) had a failed extubation and needed reintubation and mechanical ventilation within the subsequent two days.
Days of mechanical ventilation were significantly longer in patients with failed extubation in comparison with the successful extubation group (4.69±4.29 vs. 10±6.1, P≤0.001). While 36.4% of patients with failed extubation had atrial fibrillation (AF), there were no reported patients with AF in the successful extubation group. As regards ICU outcome, 35 (89.7%) patients with successful extubation had an improved outcome, while 10 (90.9%) of reintubated patients had died. There were no other differences observed among both clusters of patients in either demographic or the remaining properties (Table 1) . Table 2 demonstrates the absence of any significant differences between the two clusters with regard to measures of vital sign either at the beginning or the termination of SBT.
Hemodynamic data

Central blood gases' readings
At the beginning of the SBT, no significant variation was observed among both patient clusters in all central venous blood gases readings. However, at the trials' termination, those who were successfully extubated had significantly higher PH (P=0.01), ScvO 2 (P=0.01), base excess (P<0.001) and oxygen saturation (P=0.005). In contrast, PCO 2 was significantly higher in the groups with failed extubation (P=0.04), as shown in (Table 3) .
ΔCentral venous oxygen saturation
There was a substantial increase in the mean difference of ScvO 2 in the failed extubation group compared with the successfully extubated one (P<0.01), as shown by (Figure 1 ). Table 4 demonstrates that logistic regression was the tool utilized in evaluating all potential indicators that discriminate both outcomes of extubation among mechanically ventilated patients. ΔScvO 2 was found to be the only independent variable with the ability of discrimination between both extubation outcomes. As ΔScvO 2 increases by 1 U, the odds of extubation failure in a mechanically ventilated patient increases by 48% (P=0.021).
An receiver operating characteristic curve was depicted for ΔScvO 2 in predicting extubation failure ( Figure 2) . ΔScvO 2 demonstrated a proper predictive capability (AUC=0.892, 95% confidence interval: 0.771-0.98, P<0.001).
The best cut-off point of with regard to ScvO 2 difference to predict extubation failure was the value of 3.8 providing a value of sensitivity reaching 89.74%, with specificity of 90.91%, a positive predictive value (PPV) of 97.22%, and negative predictive value (NPV) of 71.43% (Table 5 ). This was interestingly more accurate than SBT as a predictor for extubation outcome (Table 6) . Thus, the chance of extubation failure substantially increased with the decrease of ScvO 2 more than 3.8 from its baseline value at the start of SBT. Table 6 presents the validity testing of SBT as a predictor for extubation failure against the gold 
Figure 1
Central venous oxygen saturation difference between patients with successful and failed extubation. standard results of extubation, wherein the sensitivity of the SBT reached 100%, with a specificity of 63.6%, PPV of 90.7%, and NPV of 100%.
Discussion
Tolerating a SBT may indicate successful weaning, but it does not definitely predict extubation success. After a successful SBT, the rate of extubation failure within the following 2-3 days may reach up to 30% of patients [3] .
In this prospective, cohort study, we established that ScvO 2 can independently predict the outcome of extubation, with the chance of extubation failure increasing substantially with the decrease of ScvO 2 more than 3.8 from its baseline value at the start of SBT.
Corresponding to weaning guidelines, the outcome of SBT depends on a set of different variables and characteristics evaluated upon the termination of the 30 min trial. While measuring ScvO 2 values is not currently considered among these criteria, this study establishes the immense role of ΔScvO 2 as an independent factor that has the ability to predict weaning outcome with a diagnostic accuracy superior to that of tolerance to SBT alone, which is routinely used as an indicator to successful weaning.
Because of the high rate of reintubation, as reported by many previous studies, several researchers assumed that framing the weaning procedure into definite stages may improve the outcome [4, 9] .
The patients throughout this study were weaned using a two-step protocol, wherein 22% of patients had an extubation failure. This rate was similar to other different studies that presented a reintubation rate in 14-32% of cases [9] [10] [11] .
As regards the comorbidities, the patients with failed extubation had a significantly higher incidence of atrial fibrillation than those with successful extubation, as there were no reported patients with AF in the successful extubation group, whereas 36.4% of patients with failed extubation had AF.
As an attempt to understand the effect of cardiac problems on the weaning process, an interesting study performed by Jubran et al. [12] demonstrated an elevation in the cardiac index value at the termination of SBT in the successful extubation cluster compared with a nonsignificant change in the same value within the failed extubation cluster.
We found no significant difference between both groups considering different laboratory tests. The same was found with regard to the vital signs, wherein there was no difference in both groups at the beginning and at the end of SBT. These results were similar to those of the study carried out by Ayman and Khalid [11] wherein they reported the absence of any sensible variance among both clusters considering clinical features or demographic data (age, sex, in addition to the vital signs).
Saugel et al. [13] showed similar results in a cohort study consisting of 61 patients, as they also confirmed Receiver operating characteristic curve for the relationship between central venous oxygen saturation difference value and extubation failure. the absence of any considerable distinction between patients with successful or failed extubation considering the age, sex, or vital signs, although Savi et al. [14] in a cohort study consisting of 500 patients singled out age as a significant variant. This might be explained by the variation in population groups and different reasons for mechanical ventilation addressed in these studies.
Our results reported no distinction among both clusters of patients in all central venous blood gases' readings at the beginning of the 30 minutes trial. However, as regards the termination of SBT, patients with successful extubation had significantly higher ScvO 2 , PH, base excess and oxygen saturation compared with a significantly higher PCO 2 in the failed extubation group.
Mokhlesi et al. [15] also found that hypercapnia before extubation significantly increases the chances of weaning failure and is mainly caused by the lack of balance between workload and strength of respiratory muscles.
ΔScvO 2 was found to be the single factor that independently predicted failed weaning. Our results showed that the mean difference in ScvO 2 in the group of patients who failed extubation was distinctly more than that of patients with successful extubation, with ΔScvO 2 having a high predictive value for extubation failure reaching 91%.
A similar study by Teixeira et al. [2] showed that, immediately before SBT, the ScvO 2 was not different between both groups, but the reduction of ScvO 2 during the T-tube trial had the ability to predict extubation failure in 86% of cases, while the ScvO 2 remained unchanged in the extubation success group.
This could be explained by the assumption of Gajic [16] that the combination of high venous admixture and low mixed venous oxygen saturation (SvO 2 ) is able to quickly result in arterial desaturation and a consecutive drop in O 2 supply to the cells, or perhaps due to increased respiratory muscles' oxygen extraction ratio, as stated by Jubran et al. [12] , Gruartmoner et al. [17] , and Teixeira et al. [2] .
The usage of SvO 2 during the weaning period has been previously studied by different researchers [18] [19] [20] [21] .
In a unique study performed by Armaganidis and Dhainaut [22] they monitored SvO 2 in postoperative patients and established that SvO 2 of more than 60% was the best-studied variable to predict successful weaning. Our study showed that the sensitivity of the SBT as a test for extubation failure against the gold standard results of extubation reached 100%, with a specificity of 63.6%, PPV of 90.7%, and NPV of 100%. Remarkably, ΔScvO 2 showed a good discriminative ability between extubation failure and extubation success groups, wherein the AUC for ScvO 2 difference was 0.892, providing better predictive value for extubation failure than SBT.
One of the core outcomes in this study's results was the discriminative value of 3.8, which was the best cut-off point to predict extubation failure, providing a sensitivity of 89.74%, a specificity of 90.91%, a PPV of 97.22%, and a NPV of 71.43%. Therefore, a reduction of ScvO 2 more than 3.8 is linked to increased chances of extubation failure, which was significantly comparable to previous studies.
In a study performed by Teixeira et al. [2] they found that the rate of extubation failure and patients needing to be reintubated highly increased when ScvO 2 was reduced to more than 4.5% (sensitivity of 88%, specificity of 95%, PPV of 0.93, and NPV of 0.90).
Another significant difference was reported by Tamer et al. [11] wherein ΔScvO 2 in the extubation failure group was about 5.88 compared with 3.11 in the successful extubation group.
In this study, we utilized logistic regression analysis to evaluate the predictors of extubation failure among mechanically ventilated patients. It identified ΔScvO 2 as the single predictor that independently had the capacity to distinguish between both extubation outcomes. The increase of ΔScvO 2 by 1 U raises the odds of extubation failure in a mechanically ventilated patient by 48%.
This study comes with its own points of both potency and liability. It was designed as a prospective study in order to reduce the probability of data loss and recall bias. In contrast, the limited spectrum of patients and diagnoses included may limit the generalization of the outcome. Furthermore, to reduce other methodological biases found in multicentric research, our medical team monitored both the weaning process and the outcome of SBT. Despite not being very large, our sample size is approximate to many other studies addressing the same subject.
Conclusion
Patients on mechanical ventilation may successfully exceed SBT, but successful extubation is still questionable; therefore, it is believed that the difference in ScvO 2 measured at the first and 30th minutes of SBT could give an appropriate and precise prediction of the extubation outcome.
ΔScvO 2 was found to be the single variable with the ability of discrimination between both extubation outcomes; a reduction of ScvO 2 more than 3.8 is linked to increased chances of weaning failure. Further research is needed in the future to confirm its role as an important predictor of extubation outcome in various medical conditions and to help in making the decision of discontinuation of mechanical ventilation.
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